It is shown that unification of strong and Electroweak interactions at Tev scale may lead to appearance of topologically stable monopoles with masses of the order of 10 Tev. In particlular, in the realistic Petite Unification Theory (PUT) such objects appear as a result of the breakdown SU(4) ⊗ SU(2) 3 → SU(3) × SU(2) × U(1)/Z 3 . Those monopoles may play an important role in the early Universe, at finite temperature. They may even be condensed at high enough temperature. The lattice model for investigation of this phenomenon is presented.
Introduction
Due to the so-called Hierarchy problem [1] at the energy scale of about 10 Tev new physics is expected to appear. Namely, the mass m 2 for the scalar field of the Standard Model receives the quadratically divergent contribution in one loop. Therefore, formally the initial mass parameter (m 2 = −λ v 2 , where v is vacuum average of the scalar field while λ is its self -coupling) should be set to infinity in such a way that the renormalized mass m 2 R remains negative and finite. This is the content of the so-called fine tuning. Naturalness of the theory [1] leads to the requirement that the one-loop contribution to m 2 is less than 10|m 2 R |. Thus one derives that the ultraviolet cutoff Λ is of the order of 1 TeV. It is worth mentioning that this problem appears also in lattice nonperturbative study (see, for example, [2] ). Thus at the Tev scale some other theory should appear, which incorporates Standard Model as a low energy approximation.
There are several patterns of unification of interactions, which were considered up to now. Among them there are at least three examples, in which gauge group of the Standard Model is extended already at the Tev scale. Namely, in the so -called Little Higgs models [3] SU (2) ×U (1) subgroup is embedded into a larger group, which is gauged partially. The correspondent symmetry is broken at a few Tev. Then some of the Nambu -Goldstone bosons become massive due to the radiative corrections and play the role of the Higgs field of the Standard Model. The topological objects, which appear in the Little Higgs model were considered in [4] [5, 8] . In this new gauge theory the Standard Model fermions and technifermions enter the same representation of Extended technicolor group. There is a great number of ETC models. In particular, there exist models such that the ETC gauge group unifies strong and Electroweak interactions at Tev scale.
The third example is the so-called Petite Unification (see, for example, [9, 10] and references therein). In the correspondent models the gauge symmetry of the Standard Model is extended to a larger one at the Tev scale. The resulting models have two different coupling constants correspondent to strong and Electroweak interactions unlike Grand Unified models, in which there is only one coupling constant and the unification is achieved at the GUT scale 10 15 Gev.
Long time ago it was recognized that the spontaneous breakdown of SU (5) symmetry in the Unified model actually leads to the gauge group SU (3) × SU (2) × U (1)/Z 6 instead of the conventional SU (3) × SU (2) × U (1) (see, for example, [11] and references therein). The appearance of the additional Z 6 symmetry in the fermion and Higgs sectors of the Standard Model itself was recovered later within the lattice field theory [12, 13, 14, 15] . Independently Z 6 symmetry in the Higgs sector of the Standard Model was considered in [16] . The emergence of Z 6 symmetry in technicolor models was considered in [17] .
Due to the Z 6 symmetry the gauge group of the Standard Model is either SU (3)×SU (2)×U (1) or SU (3)× SU (2)×U (1)/Z , where Z is equal to Z 6 , or to one of its subgroups: Z 3 or Z 2 . It would be important to know is there any difference between the correspondent models or not.
On the level of perturbation expansion those versions of the Standard Model are identical. In [12] the supposition was made that actually those models may differ due to the nonperturbative effects. The lattice simulations show that there is indeed some difference in the lattice realizations of the Standard Model with the gauge groups SU (3)×SU (2)×U (1)/Z 6 and SU (3)×SU (2)×U (1) both at zero and finite temperature. However, there is no evidence that those differences survive in the continuum theory.
Here we take into account that the Standard Model describes nature only up to the energies of about a few Tev. This can have an effect on the topology of the Standard Model. Namely, there may appear small regions of sizes of the order of 1 Tev −1 , where the conventional fields of the Standard
Model are not defined. These regions may represent point-like or string -like objects 1 . As a result we must consider the topology of the Standard Model within the space-time manyfold M with nontrivial π 2 (M ) and (or) π 1 (M ) [18] . The mentioned monopole -like objects may appear with masses of about 10 Tev.
It is not important for us, which particular model describes Tev scale physics. The only important feature of such a model is that the gauge group of the Standard Model is embedded into the gauge group of the unified model and the latter is simply connected. At zero temperature Tev scale unified gauge group is broken to the Standard Model gauge group. However, at the temperatures higher than the critical temperature T c ∼ 1 Tev this symmetry should be restored. Basing on the analogy with Nambu monopoles [15] we expect that the monopoles of the models, which describe Tev -scale physics, may be condensed at T > T c . In order to investigate this phenomenon we suggest to consider the lattice toy model based on one of the Petite Unification models.
Monopoles of the unified theory
Let us now fix the closed surface Σ in 4-dimensional space R 4 . For any closed loop C , which winds around this surface, we may calculate the Wilson loops
, and e iθ = exp(i C B µ dx µ ), where C, A, and B are correspondingly SU (3), SU (2) and U (1) gauge fields of the Standard Model. In the usual realization of the Standard Model with the gauge group SU (3) × SU (2) ×U (1) such Wilson loops should tend to unity, when the length of C tends to zero (|C | → 0). However, in the SU (3) × SU (2) ×U (1)/Z gauge theory the following values of the Wilson loops are allowed at |C | → 0: The unified model, which breaks down to the SM with the gauge group SU (3) × SU (2) × U (1) also contains monopoles because π 2 (H /[SU (3) × SU (2) × U (1)]) = π 1 (SU (3) × SU (2) × U (1)) = Z. They correspond to the Dirac strings with C B µ dx µ = 2πK, K ∈ Z and should be distinguished from the monopoles (for N = 1, 3, 5) of the SM with the additional discrete symmetry via counting their hypercharge U (1) magnetic flux. Namely, the magnetic flux of the monopole in the conventional SM is 2π while in the SM with the additional discrete symmetry there could exist monopoles with the flux π correspondent to N = 1, 3, 5 in (2.1).
Using an analogy with t'Hooft -Polyakov monopoles [19] we can estimate masses of the monopoles, which have nontrivial U (1) flux, to be of the order of Λ α ∼ 100 Tev, where Λ ∼ 1 Tev is the scale of the breakdown and α is the fine structure constant (α(M Z ) ∼ 1 128 ) (see, for example, [20] , where monopoles were considered for an arbitrary compact simple gauge group in the BPS limit). This means that in order to observe the fundamental monopoles with N = 1, 3, 5 in the Z 6 or N = 3 for Z 2 symmetric SM (we call them below Z 2 monopoles) and U (1) monopoles in the conventional SM we should investigate the energies of the order of 100 Tev.
The situation becomes better for the monopoles with vanishing U (1) flux. Let us consider monopoles (in the Z 6 or Z 3 symmetric SM) with N mod 2 = 0 and N mod 3 = 0, i.e. N = 2, 4 (we call them Z 3 monopoles). These configurations correspond to invisible Dirac strings with nontrivial Z 3 flux. Their mass can be estimated to be of the order of Λ α s ∼ 10 Tev, where α s is the QCD coupling constant (α s (M Z ) ∼ 0.13). Such monopoles do not appear in the conventional SM at all.
Monopoles in Petite Unification models
In order to illustrate the emergence of the additional Z 3 and Z 2 symmetries in the Standard Model we consider Petite Unification of strong and Electroweak interactions discussed in [9, 10] . In the mentioned papers three possibilities to construct the unified theory at Tev were distinguished among a number of various ones. Namely, let us consider the unified group to be the product of SU (4) PS and SU (N) k , where SU (4) PS unifies lepton number with color as in Pati-Salam models [21] . In the theory there are two independent couplings α s and α W correspondent to the two groups mentioned above. Then if we require that the spontaneous breakdown of SU (4) PS ⊗ SU (N) k happens at a Tev scale we are left with the three possibilities:
. The other choices of N and k cannot provide acceptable values of coupling constants at the Electroweak scale.
It will be useful to represent the breakdown pattern correspondent to the models PUT 0 , PUT 1 , PUT 2 in terms of the loop variables Γ,U , and θ calculated along the arbitrary closed contour C .
In PUT 2 at the Electroweak scale SU (4) PS ⊗ SU (3) 2 parallel transporter Ω along the contour C is expressed through Γ,U , and θ as follows: From (3.1) it is straightforward that values (2.1) of the Wilson loops Γ, U , and e iθ with N = 0, 3 ∈ Z 2 lead to Ω = 1. The field strength of the SU (4) PS ⊗ SU (3) 2 gauge field is expressed through Ω calculated along the infinitely small contour. Then the pure gauge field action in the low energy limit (at the Electroweak scale) is invariant under an additional Z 2 symmetry. This means that in PUT 2 actual breakdown pattern is
. Therefore, we expect Z 2 monopoles to exist in this unified model with the masses of the order of 100 Tev.
Here we used the values of Electroweak charges calculated in [9] in order to represent the breakdown pattern in a form useful for our purposes. One can check directly that the gauge group element of the form (3.1) acts appropriately on the Standard Model fermions arranged in the representations listed in [9] . The same check could be performed also for the models PUT 1 and PUT 0 considered below.
In PUT 1 at the Electroweak scale SU (4) PS ⊗ SU (2) 3 parallel transporter Ω along the contour C is expressed as follows: One can easily find that in PUT 0 actual breakdown pattern is
Thus, in this model Z 3 monopoles also should exist with the masses of the order of 10 Tev. It should be mentioned here that PUT 0 seems to be excluded due to the extremely high value of branching ratio for the process K L → µe. That's why the model PUT 1 that contains 10 Tev monopoles is of the most interest for us.
Lattice model for qualitative investigation of 10 Tev monopoles
Basing on the analogy with Nambu monopoles [15] we expect that the monopoles of the models, which describe Tev -scale physics, may be condensed at T > T c . In order to investigate this phenomenon we construct the lattice toy model based on PUT 2 .
We simplify PUT 2 in such a way that the resulting model has the gauge group SU (3). At low energies parallel transporter Ω ∈ SU (3) along the contour C is expressed through U ∈ SU (2), and θ ∈ U (1) as follows: where the plaquette variables are defined as Ω p = Ω xy Ω yz Ω * wz Ω * xw for the plaquette composed of the vertices x, y, z, w. β is usual SU (3) coupling while γ is proportional to squared vacuum expectation value of the scalar field.
The hypercharge U (1) gauge field in the theory can be expressed through Ω as follows: θ = 3 2 Arg Ω 33 . In lattice theory monopole classical solution should be formed around the Dirac string, which is represented by the integer-valued field defined on the dual lattice
where φ = Arg Ω 33 . Here we used notations of differential forms on the lattice. For a definition of those notations see, for example, [22] . Then, worldlines of quantum Z 2 monopoles appear as the boundary of the string worldsheet:
We expect, that the monopole currents should percolate above the transition temperature T c in the finite temperature model. We expect that these Z 2 monopoles resemble both Z 3 monopoles of realistic PUT 1 and Z 2 monopoles of PUT 2 .
